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© Method of manufacturing semiconductor memory device having stacked capacitor cells. 


© This invention relates to a method of manufac- 
turing a semiconductor memory device having 
stacked capacitor cells. Bit lines (7) of the stacked 
capacitor cells are filled in grooves (3) formed in the 
main surface area of a substrate (1) and the bit line 
(7) has an area which is exposed from the groove 
(3). An insulation film (8) is formed on the area. In 
this invention, the insulation film (8) is formed in the 


following manner. First, a nitride film (5) is formed on 
the main surface of the substrate (1) and the side 
and bottom surfaces of each of the grooves (3). 
Then, the internal portion of the groove (3) is filled 
with a conductive film (7) to form a bit line. After this, 
the surface portion of the bit line is oxidized with the 
nitride film (5) used as a mask. The insulation film 
(8) can be formed by this oxidation. 
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This invention relates to a method of manufac- 
turing a semiconductor memory device, and more 
particularly to a method of manufacturing a semi- 
conductor memory device having a stacked capaci- 
tor cell structure in which bit lines are buried in a 
substrate. 

The integration density and memory capacity 
of a DRAM in which each memory cell is formed of 
one transistor and one capacitor are rapidly in- 
creased with the progress of fine patterning tech- 
nique. Use of a stacked capacitor cell structure is 
known as a method of increasing the capacitances 
of capacitors in the DRAM. 

Rg. 1 is a cross sectional view of the conven- 
tional stacked capacitor cell taken along a bit line 
direction. 

In order to form the stacked capacitor cell, a 
field oxide film 502 serving as an element isolation 
region is formed on a P-type silicon substrate 501 
by local oxidation of silicon. After this, a gate oxide 
film 503. gate electrode 504 and source/drain dif- 
fused regions 505 are formed to constitute a trans- 
fer transistor. Further, an interlevel insulator 506 is 
disposed on the resultant structure and a storage 
node electrode 508 with a film thickness of 3000 A, 
for example, is formed of phosphorus doped poly- 
silicon in a contact hole 507 formed in the inter- 
level insulator 506. In order to electrically connect 
the storage node electrode 508 to the source/drain 
diffused regions 505, phosphorus is generally ion 
implanted into the substrate 501 and storage node 
electrode 508 to approx. 1 x 10 16 cm" 2 (dose). 

Then, a plate electrode 510 is formed of phos- 
phorus doped polysilicon to a film thickness of 
3000 A, for example, with a capacitor dielectric film 
509 disposed between the plate electrode 510 and 
the storage node electrode 508 and the like so as 
to form a stacked capacitor. After this, an interlevel 
insulator 511 is formed on the resultant structure 
and a contact hole 512 is continuously formed in 
the interlevel insulators 511 and 506. A bit tine 
which is connected to the drain region 505 via the 
contact hole 512 is formed of a molybdenum sili- 
cide film 513, for example. 

The DRAM stacked capacitor cell is formed 
through the above manufacturing process. 

When the DRAM having the above stacked 
capacitor cell is formed with a high integration 
density, the following problems may occur. 

That is, since the contact hole 512 is formed 
after the transfer transistor is formed and the 
stacked capacitor cell is formed, and then the bit 
line is connected to the drain region 505, it is 
necessary to form a deep contact hole, thus in- 
creasing the step in level of the bit line. 

An object of this invention is to provide a 
method of manufacturing a semiconductor memory 
device having memory cells capable of attaining 


even higher integration density. 

The above object can be attained by the fol- 
lowing manufacturing method. 

First, grooves are formed in the main surface 
5 area of a substrate. Then, an oxidation-resistant 
film is formed on the main surface of the substrate 
and the side and bottom surfaces of the grooves. 
After this, a conductive film is formed to fill the 
internal spaces of the grooves so as to construct 
70 bit lines. Then, the surface of the bit tines exposed 
from the grooves are oxidized with the oxidation- 
resistant film used as a mask so as to form an 
insulation film on the surface of each of the bit 
lines. 

75 According to the above manufacturing method, 
a structure in which the bit lines are buried in the 
grooves formed in the main surface area of the 
substrate is obtained and therefore a memory cell 
capable of attaining even higher integration density 

20 can be obtained. In the process of forming the 
above memory celt, part of the surface of the bit 
line is exposed from the groove. The insulation film 
is formed on the area exposed from the groove in 
order to isolate the bit line from the remaining 

25 portion. At the time of forming the insulation film, 
the surface of the area exposed from the groove is 
oxidized with the oxidation-resistant film used as a 
mask since the oxidation-resistant film is formed on 
the main surface of the substrate and the side and 

30 bottom surfaces of the groove. By effecting the 
above oxidation process, the insulation film having 
a sufficiently large film thickness for isolating the 
bit line from the remaining portion can be formed 
on the area exposed from the groove. Further, in 

35 the step of forming the insulation film, a new in- 
sulation film will not be formed on the main surface 
of the substrate because the main surface of the 
substrate is covered with the oxidation-resistant 
film. 

40 This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Rg. 1 is a cross sectional view of a conventional 

45 stacked capacitor cell; 

Figs. 2A to 21 are plan views showing the manu- 
facturing method in the order of the steps for 
manufacturing a stacked capacitor cell accord- 
ing to a first embodiment of this invention; 

so Figs. 3A to 3G are cross sectional views taken 
along the lines 3A-3A to 3G-3G of Figs. 2A to 
2G. respectively; 

Rg. 3H is a cross sectional view taken along the 
line 3H-3H of Rg. 21; 
55 Rgs. 4A to 41 are cross sectional views taken 
along the lines 4A-4A to 41-41 of Rgs. 2A to 21, 
respectively; 

Rgs. 5A and 5B are cross sectional views taken 


2 


3 


EP 0 457 131 A1 


along the lines 5A-5A and 5B-5B of Figs. 2H 
and 21, respectively; 

Fig. 6A is a cross sectional view taken along the 
line 6A-6A of Fig. 21; and 
Rgs. 7A to 7D are plan views showing the 
manufacturing method in the order of the steps 
for manufacturing a stacked capacitor cell ac- 
cording to a second embodiment of this inven- 
tion. 

There will now be described an embodiment of 
this invention with reference to the accompanying 
drawings. 

[First embodiment] 

A method of manufacturing a semiconductor 
memory device according to a first embodiment of 
this invention is explained with reference to Rgs. 
2A to 21. Rgs. 3A to 3H, Rgs. 4A to 41, Rg. 5A, 
Rg. 5B and Rg. 6A. 

First, a field oxide film 2 for element isolation is 
formed on the main surface of a P-type silicon 
substrate 1. Then, the substrate 1 is selectively 
etched to form grooves therein. Next in order to 
form a first layer of insulation on the side and 
bottom surfaces of each of the grooves, an oxida- 
tion process is effected to form an oxide film 4 
having a film thickness of approx. 500 to 2000 A, 
for example. After this, an oxidation-resistant film 
(for example, silicon nitride film) 5 having a film 
thickness of approx. 500 A, for example, is formed 
as a second layer on the resultant structure (Rg. 
2A, 3A, 4A). 

Next, a photoresist (not shown) is used as a 
mask to selectively etch portions of the silicon 
nitride film 5 and the oxide films 4 formed on the 
side surfaces of the grooves 3 so as to form bit line 
contact windows 6 (Rgs. 2B, 3B, 4B). 

Further, the bit line contact windows 6 may be 
formed by simultaneously etching the silicon nitride 
film 5 and the oxide films 4, or may be formed by 
first etching the silicon nitride film 5, removing the 
photoresist and then selectively etching the oxide 
films 4 with the silicon nitride film 5 used as a 
mask. 

Next, a conductive film (for example, phos- 
phorus doped polysilicon film) is formed as a third 
layer on the resultant structure. Then, the conduc- 
tive film is etched back by the RIE method, for 
example, so as to be left behind in each of the 
grooves. As a result, the conductive film which is 
left behind in each of the grooves 3 constitutes a 
bit line 7 (Rgs. 2C. 3C. 4C). 

N-type diffused layers 11 C are formed In the 
substrate 1 by diffusing N-type impurity into the 
substrate 1 via the windows 6 in order to connect 
the bit lines to the respective sources/drains of 
transfer transistors in the later step. For example, a 


method of forming the above layers is effected by 
ion-implanting N-type impurity into the substrate 1 
via the windows 6 after the windows have been 
formed. After this, the ion-implanted impurity is 

5 diffused into the substrate 1 to form the N-type 
diffused layers 11C. Another method of forming the 
above layers is effected by filling the grooves 3 
with conductive films constituting the bit lines 7 
and then diffusing N-type impurity contained in the 

io conductive films into the substrate 1 via the win- 
dows 6 so as to form the N-type diffused layers 
11C. 

Next, a thermal oxidation process is effected to 
form oxide films 8 as a fourth film on the exposed 

15 upper surface of the respective bit lines 7. As a 
result, the surface of each of the bit lines 7 is 
covered with insulative material and isolated from 
the other portion. At this time, since all the portion 
(including a portion in which an oxide film used for 

20 forming a gate insulation film of a transfer gate 
transistor is formed in the later step) of each of the 
bit lines 7 except the exposed portion is covered 
with the silicon nitride film 5, rt will not be oxidized 
(Rgs. 2D, 3D, 4D). 

25 Next, the silicon nitride film 5 is removed with 
the oxide films 8 on the upper surface of the bit 
lines 7 used as a mask so as to expose those 
portion of the main surface of the silicon substrate 
1 which lie in the element forming areas. In the 

30 process of removing the silicon nitride film 5, for 
example, phosphoric acid is used. In another meth- 
od, it is possible to use gas having a high selective 
etching ratio for the oxide film 8 and the silicon 
nitride film 5 and then subject the silicon nitride 

35 film 5 to dry etching (Rgs. 2E, 3E, 4E). 

Further, if a pad oxide film (not shown) is 
previously formed on the main surface of the sub- 
strate 1, the silicon substrate 1 can be prevented 
from being etched when the above silicon nitride 

40 film 5 is etched. Since the film thickness of the pad 
oxide film can be set to be sufficiently smaller than 
that of the oxide film 8 serving as the fourth layer, 
the film thickness of the oxide film 8 can be kept 
large enough to insulativefy isolate the bit line 7 

45 from the remaining portion even rf the pad oxide 
film is removed by subjecting all the surface of the 
resultant structure to the etching process by use of 
solution such as HF buffer solution. 

Next, thin gate oxide films 9 having a film 

so thickness of approx. 100 A, for example, are 
formed as a fifth layer of insulation on an area in 
which the main surface of the substrate 1 is ex- 
posed by the thermal oxidation process, for exam- 
ple (Rgs. 2F, 3F, 4F). 

55 Next, a conductive film (for example, phos- 
phorus doped polysilicon film) having a film thick- 
ness of approx. 2000 A is formed on the resultant 
structure. Then, the conductive film is patterned to 
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form gate electrodes 10 of the transfer transistors. 
After this, for example, arsenic ions are ion-im- 
planted into the substrate 1 by approx. 1 x 10 15 
cm" 2 to form N*-type diffused layers 11A and 11 B 
for sources and drains of the above transistors 
(Rgs. 2G, 3G, 4G). 

Next, an insulation film 12 is formed on the 
resultant structure by the CVD method. Then, stor- 
age node contact windows 13 reaching the N*-type 
diffused layers 11B which serve as sources, for 
example, are selectively formed in preset positions 
of the insulation film 12 with a photoresist used as 
a mask by the RIE method. After this, a conductive 
film (for example, phosphorus doped polysilicon 
film) is formed on the resultant structure and then 
patterned to form storage nodes 14 (Rgs. 2H. 4H, 
5A). 

Next, for example, a combined film 15 of 
SiNx/Si02 is formed to a thickness of approx. 50 A 
as a capacitor gate insulation film on the resultant 
structure. Then, a conductive film (for example, 
phosphorus doped polysilicon film) 16 is formed as 
a cell plate electrode on the resultant structure 
(Rgs. 21. 3H. 41. 5B, 6A). 

According to the manufacturing method de- 
scribed above, the bit lines 7 can be formed in a 
buried form in the substrate 1 when the stacked 
capacitor cells are formed. Further, when the oxide 
films 8 for insulatively isolating the bit lines 7 are 
formed on the upper surfaces of the bit lines 7, 
only the upper surface portions of the bit lines 7 
can be selectively oxidized since all the areas of 
the bit tines 7 except the exposed portions are 
covered with the second layer (silicon nitride film 
5). As a result, for example, the film thickness of 
the oxide films 8 can be freely set That is, when 
the oxide films 8 are formed, areas in which the 
gate oxide films 9 are formed are not oxidized 
since they are covered with the nitride film 5. Since 
the gate oxide films 9 are formed after the nitride 
film 5 formed on the areas in which the gate oxide 
films 9 are to be formed is removed, the gate oxide 
films 9 having a small film thickness of approx. 100 
A, for example, can be formed with high control- 
lability. When the nitride film 5 is removed, the 
oxide films 8 can be used as a mask so as to 
selectively remove the nitride film. 

With the above manufacturing method, the gate 
oxide films 9 can be formed thin and the oxide 
films 8 for insulatively isolating the bit lines 7 can 
be formed thick, thereby further increasing the in- 
tegration density. 

Further, in the above embodiment, since the 
nitride film 5 is formed on the side and bottom 
surfaces of the grooves 3, the following advantages 
can be attained, for example. That is, when the 
selective oxidation is effected, a bird's beak is 
difficult to be formed between the nitride film 5 and 


the main surface of the substrate 1 on which the 
gate oxide films 9 are formed since the nitride film 
5 is also formed on the side surfaces of the 
grooves 3. As a result the oxide films 8 can be 
5 formed thicker. 

[Second embodiment] 

Rgs. 7A to 7D are cross sectional views show- 
w ing a semiconductor memory device manufacturing 
method in an order of the steps for manufacturing 
a semiconductor memory device according to a 
second embodiment of this invention. Rgs. 7A to 
7D show the cross sections of the same portion as 
75 that of the cross section shown in Rg. 4A, for 
example. 

First, a silicon nitride film 5 is formed in the 
same manner as that explained with reference to 
Rgs. 2A, 3A and 4A. Then, the surface of the 

20 silicon nitride film 5 is oxidized to form an oxide 
film 20, for example (Rg 7A). 

Next, a photoresist (not shown) is used as a 
mask to selectively remove the oxide film 20, 
nitride film 5 and oxide film 4 formed on the side 

25 and bottom surfaces of grooves 3 so as to form bit 
line contact windows 6. Then, a conductive film (for 
example, phosphorus doped polysilicon film) 7A is 
formed on the resultant structure (Rg. 7B). 

Next the conductive film 7A is etched back by 

30 the CDE method, for example, so as to form bit 
lines 7 (Rg. 7C). 

Then, a combined film of the oxide film 20 and 
the nitride film 5 is used as a mask to selectively 
oxidize only the upper surface portions of the bit 

35 lines 7 so as to form oxide films 8. After this, the 
oxide film 20 and the nitride films 8 formed on the 
surface of the silicon substrate 1 and the like are 
removed. Then, gate oxide films 9 are formed on 
the surface of the exposed substrate 1 (Rg. 70). 

40 After this, although not shown in the drawing, 
gate electrodes 10, storage nodes 14 and the like 
are sequentially formed in the same manner as 
explained with reference to Rgs. 2G to 21, for 
example. 

45 With the above manufacturing method, when 
the phosphorus doped polysilicon film 7A is etched 
back so as to be left behind in the groove 3, the 
oxide film 20 acts as an etching stopper. That is, 
the nitride film 5 can be prevented from being 

so removed from an area in which the gate oxide films 
are formed, for example, when the polysilicon film 
7A is etched back by forming the oxide film 20 on 
the nitride film 5. 

As described above, according to the semicon- 

55 ductor memory device manufacturing method of 
this invention, stacked capacitor cells in which bit 
lines are buried in the substrate can be obtained. 
When the insulation film for insulatively isolating 
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the bit lines is formed, an area in which the gate 
oxide films are formed is covered with the 
oxidation-resistant film so that the surface of the bit 
lines exposed from the respective grooves can be 
selectively oxidized. Therefore, the insulation film 
for insulatively isolating the bit lines is formed on 
the surface of the bit lines exposed from the 
grooves and the film thickness thereof can be 
freely set In other words, since it is prevented that 
the area in which the gate oxide films are to be 
formed is simultaneously oxidized and a thick ox- 
ide film is formed, a thin gate oxide film of approx. 
100 A, for example can be formed with high con- 
trollability. Further, the oxidation-resistant film can 
be selectively removed by using the insulation Him 
for insulatively isolating the bit line as a mask. 
Therefore, the gate insulation film of the transfer 
transistor can be made thin and the insulation film 
for insulatively Isolating the bit line can be made 
thick, thus permitting the integration density of the 
memory to be further enhanced. 

This invention is not limited to the above first 
and second embodiments and can be variously 
modified without departing from the technical 
scope thereof. 

For example, in the first and second embodi- 
ments, the oxide film is formed on the side and 
bottom surfaces of the groove and then the silicon 
nitride film is formed over the entire surface of the 
substrate. However, this method can also be at- 
tained by forming a nitride film over the entire 
surface of the substrate to cover the side and 
bottom surfaces of the grooves without forming an 
oxide film. Also, in this case, the surface of an area 
of the silicon substrate in which the gate oxide film 
is to be formed can be covered with the nitride 
film, and as described in the first and second 
embodiments, only the upper surface of the bit line 
filled in the groove can be selectively oxidized. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 

Claims 

1. A method of manufacturing a semiconductor 
memory device having stacked capacitor celts, 
characterized by comprising the steps of: 

a) selectively etching a surface portion of a 
semiconductor substrate (1) to form grooves 
(3), forming a first layer (4) of insulation on 
the side and bottom surfaces of each of 
said grooves (3), and a second layer (5) of 
oxidation-resistance on said first layer (4) 
and substrate (1); 

b) removing portions of said first layer (4) 
and second layer (5) which are formed on 
the side surfaces of said grooves (3) to form 
windows (6); 


c) forming a third layer with electrically con- 
ductive property on said substrate (1) and 
leaving said third layer only in said grooves 
(3) to form bit lines (7); 
s d) forming a fourth layer (8) of insulation on 

said bit lines (7); 

e) selectively removing said second layer 
(5) with said fourth layer (8) used as a mask 
to form an area in which said substrate (1) 

to is exposed; 

f) forming gate insulation films (9) on said 
area in which said substrate (1) is exposed; 

g) forming gate electrodes (10) on said re- 
spective gate insulation films (9) and doping 

15 impurity of a conductivity type opposite to 

that of said substrate (1) into said substrate 
(1) with said gate electrodes (10) used as a 
mask so as to form source/drain regions 
(11A,11B); 

20 h) forming an insulation film (12) which cov- 

ers the upper surface of said substrate (1), 
forming windows (13) each of which 
reaches one (11 B) of said source/drain re- 
gions in said insulation film (12), and for- 

25 ming storage nodes (14) each connected to 

said one region (1 1 B) through a correspond- 
ing one of said windows (13) on said insula- 
tion film (12); and 

i) forming a dielectric film (15) on said stor- 
30 age nodes (14) and forming plate electrodes 

(16) on said dielectric film (15). 

2. A manufacturing method according to claim 1, 
characterized in that said second layer (5) is a 

35 silicon nitride film. 

3. A manufacturing method according to claim 1, 
characterized in that said second layer (5) is a 
combined film of a silicon nitride film (5) and 

40 an oxide film (20). 

4. A manufacturing method according to claim 1, 
characterized in that said fourth layer (8) is 
formed by thermally oxidizing said bit line (7) 

45 with said second layer (5) used as a mask. 

5. A manufacturing method according to claim 2, 
characterized in that said fourth layer (8) is 
formed by thermally oxidizing said bit line (7) 

so with said second layer (5) used as a mask. 

6. A manufacturing method according to claim 3, 
characterized in that said fourth layer (8) is 
formed by thermally oxidizing said bit line (7) 

55 with said second layer (5) used as a mask. 

7. A method of forming an insulation film for 
insulatively isolating an internal wiring layer of 
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a semiconductor integrated circuit device, 
characterized by comprising the steps of: 

a) forming grooves (3) in the main surface 
area of a semiconductor substrate (1); 

b) forming an oxidation-resistant film (5) on 
the main surface of said substrate and the 
side and bottom surfaces of said grooves; 

c) filling said grooves (3) with conductive 
films (7) to form the internal wiring layer of 
said integrated circuit device; and 

d) oxidizing portions of said conductive 
films (7) which are exposed from said 
grooves (3) with said oxidation-resistant film 
(5) used as a mask so as to form insulation 
films (8). 


A method according to claim 7, characterized 
in that said oxidation-resistant film (5) is a 
silicon nitride film. 
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